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Figure 1: Comparison of Protocols
The table above compares the two different protocols that were utilized while optimizing the 
assay. BSA = Bovine Serum Albumin, HRP = Horseradish peroxidase (secondary antibody).
Figure 2: Fecal Extract Drying
Fish tank aerators with pipette tips (1mL tips) were used to                                                 
remove the solvents used in the extraction process.
Data Analysis:
Plates were read at 405 nm in a plate reader (Biotek Instruments Inc., Winooski, VT)                   
to determine concentration of material in each well.
The Bethyl protocol and new plates proved to be more successful than the Smithsonian 
institute protocol by Young et al., 2003, as there was more efficient plate coating allowing for 
the assay to proceed forward. While the additional optimization allowed for the detection of 
the standards, there appears to still be some issues with assay consistency as well as non-
specific binding. Therefore the primary and secondary antibody concentrations may need 
adjustment or a different block needs to be used when running the assay.
Figure 4A: Absorbance Values for Hydrocortisone Standards
Data presented are the absorbance values (nm) for each standard dilution.
a. Hydrocortisone standards were used to evaluate the efficacy of the assay
b. Stock standard solution was made using ethanol 
c. Stock standard solution was made using methanol
d, Coating antibody was diluted 1:10,000 or  1:20,000
FINDINGS & RESULTS
The development of a fecal glucocorticoid metabolite assay to assess stress                                       
in captive breeding populations of New England Cottontail rabbits
Kianna Taylor, Animal Science & Technology
Sponsor: Maria Hoffman, Fisheries, Animal and Veterinary Sciences
● Over the last 50 years, the population of the New England Cottontail 
rabbit has decreased. These animals only inhabit New England and 
parts of New York, which is less than one-fifth of the geographic 
range once inhabited (6). Conservation efforts have been employed 
by local zoos in the North East, including Roger Williams Park Zoo 
(RWPZ). These zoos are captively breeding the New England 
Cottontail using founders collected from the wild, but have been met 
with some challenges such as reduced reproductive success and kit 
survivability. 
● One of the factors that could be contributing to these issues is 
maternal stress. Stress can impact reproduction by preventing 
cyclicity and embryo survivability (8). Additionally, stress during 
pregnancy can have a maternal programming effect on the offspring 
which can alter offspring growth and health (8).
● One way to determine if these rabbits are stressed is to develop a 
fecal glucocorticoid assay, as the hormone cortisol is responsible for 
mediating the body’s response to stress (1). Studies conducted in 
other rabbit species such as snowshoe hares and pygmy rabbits (7) 
have evaluated the concentrations of fecal cortisol metabolites, or a 
substance formed by cortisol/corticosterone metabolism. 
● We hypothesize that an assay established in a species of pygmy rabbit 
could be utilized to determine fecal glucocorticoid metabolite 
concentrations in samples collected from New England Cottontail 
rabbits at the Roger Williams Park Zoo.
INTRODUCTION
Sample Collection:
●Fecal samples from NEC rabbits (N = 12) at RWPZ were collected from 
rabbits for 7 days. These rabbits were either established individuals at the      
zoo (n = 6) and incoming founders (n = 6).
●Samples were frozen at -20 ℃ until fecal glucocorticoid metabolite         
(FGM) isolation was performed.
Sample Preparation:
●Samples were separated into 15 mL falcon tubes & labeled with the 
corresponding rabbit ID number. Excess hay was removed by hand prior. 
●Rabbit fecal samples were ground using a mortar and pestle until pulverized.
●Pulverized samples were dried in an incubator at 60 ℃ for 1 hour to dry the 
fecal samples prior to isolation.
●Samples were centrifuged at 5,000g prior to isolation.
●To isolate FGM, 2 mL of each were added to prepared fecal samples:
○ 100% ethanol
○ 100% methanol
○ 90% ethanol & 10% water
○ 90% methanol & 10% water 
●Fish tank aerators were used to remove supernatant. (Figure 2). 
FGM quantification:
●To evaluate glucocorticoid metabolite concentrations antibodies purchased 
from the Smithsonian Institute (Front Royal, VA) were utilized as well as 
published protocols from Young et al., (2003). Assay plates originally utilized 
were from BioLegend (San Diego, CA).
●Additional optimization resulted in the utilization of an assay protocol from 
Bethyl (Montgomery, TX), as well as new 96 well plates (Nunc-maxisorp 
plates; Thermofisher, Waltham, MA). 
METHODS & OPTIMIZATION
MATERIALS & OPTIMIZATION
We would like the thank the Roger Williams Park Zoo                                               
& Lu Perotti for their contributions. 
ACKNOWLEDGEMENTS
● This assay requires further optimization before it can be successfully used to determine the 
FGM concentration in NEC rabbits. The troubleshooting we have done following assay trials 
helps us to determine which directions to go in moving forward with this research. 
● For future trials, we need to determine what blocks might be more successful to allow for 
proper binding. It may also be important to look at primary and secondary antibody 
concentrations.
● Successfully isolating and assaying FGM concentrations will provide valuable information to 
the zoo staff about the animals used in the NEC breeding program. Alternative assays may also 
need to be evaluated.
DISCUSSION & IMPLICATIONS
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Ethanolb Methanolc
Standard 
Concentrationa 1:10,000d 1:20,000e 1:10,000 1:20,000
10000 ng/uL -0.071 -0.069 -0.042 -0.0325
10 ng/mL -0.0365 -0.0275 -0.0205 -0.0175
0.1 ng/mL 0.0005 0.025 -0.01 0.0155
0.001 ng/mL 0.0185 0.0035 0.007 0.0845
